One hundred and five Mandara laying hens, 24 wks of age, were divided into seven experimental treatments to study the effect of dietary levels of fish oil (FO), linseed oil (LO) and their combination as a source of omega 3 on egg yolk omega three polyunsaturated fatty acids concentration on cholesterol and total lipids, and the productive performance and egg quality of laying hens. The experimental treatments were divided into seven treatments with three replicates each. The first treatment group was the control group, the second treatment was given 1% FO, the third treatment was given 2% FO, the fourth treatment was given2% LO, the fifth treatment was given 3% LO, the sixth treatment was given 1% FO + 1% LO and the seventh treatment was given1.5% FO + 1.5% LO. The obtained data revealed the following results: Addition of FO, LO, and LO + FO to the diets did not cause significant effects (P > 0.05) on feed intake, feed conversion and egg production traits (egg number, egg weight and egg mass). Adding FO, LO, and their combination insignificantly increased yolk percentage. Saturated fatty acids significantly decreased FO and LO increased compared to the control. Diets containing FO, LO, and their combinations resulted in a significant increase of n-3 polyunsaturated fatty acids and polyunsaturated fatty acid concentrations in eggs compared to the control group. Adding 2% FO, 1% FO + 1% LO and 1.5% FO + 1.5% LO to laying diets decreased (P<0.05) egg yolk total cholesterol and egg yolk total lipids comparing to control group. The lowest values of egg yolk total cholesterol and egg yolk total lipids were recorded by 1.5% FO + 1.5% LO compared to other treatments. Using 1% FO only or 1% FO + 1% LO in laying hen diets improved the economical efficiency comparable to the control group. The best feed cost/kg egg was recorded by the group fed diet 1% FO + 1% LO.
INTRODUCTION
The egg is naturally poor in linolenic acid (LNA) however, Fish oil is rich in omega 3 polyunsaturated fatty acids (n-3 PUFA), especially eicosapentaenoic (EPA) and docosahexaenoic (DHA), Linseed oil contains only α-LNA in greater amounts, which is the precursor of EPA and DHA. However giving hens a standard feed resulted in poor egg in linolenic acid (LNA), and does not contain eicosapentaenoic (EPA) and docosahexaenoic (DHA) fatty acids (Souza et al., 2008) . Moreover, conversion of α-LNA into EPA and DHA in humans is only 5-10% (Schreiner et al., 2004) .
The modern human diets don't meet the daily requirement from n-3 polyunsaturated (Meyer et al., 2003) . Hen eggs are considered a readily available source of protein worldwide. Eggs are very valuable source of proteins and contain many substances with biological function beyond basic nutrition (Laca et al., 2010) . The polyunsaturated fatty acids (PUFA) are among the egg nutrients which are important to human health, particularly the omega 3 polyunsaturated fatty acids. These acids are required for healthy foetal brain, proper development, they assist in preventing and curing heart diseases, hypertension, arthritis, several types of cancer especially prostate and breast cancer and play a vital role in lowering blood viscosity and pressure, plasma triglycerides, reducing circulating cholesterol levels, platelet aggregation, and cardiac arrhythmia (Simopoulos, 2000; Sim, 2006) , Moreover they have an obvious improved in sight capacity, high neurological development and intellectual abilities (Bourre, 2005) .
British National Foundation recommends females and males to have DHA/ EPA of 1.1 and 1.4 g/day, respectively (Ward and Singh, 2005) , so modification of yolk fatty acids (FAs) by feeding hens on fish and linseed oil (hens have a unique ability to deposit dietary lipid into the egg yolk) resulted in significant changes of the fatty acids composition in egg yolk which makes the egg a potential source of polyunsaturated fatty acids (PUFAs) (Škrtić et al.,2006; Cachaldora et al.,2006) . It should be mentioned that the inclusion of n-3 PUFA promotes a qualitative change in the yolk fatty acids profile and reducing the n-6/n-3 ratio to a more beneficial level with regards to the human nutritional needs (Simopoulos, 1998) . Simopoulos 2003 , declared that the ratio of n-6/n-3 PUFA in standard eggs was 20: 1 while the approved ratio is actually between 4:1 to 10:1 (Mazalli et al., 2004) .
Therefore, the objective of this study is to investigate supplementation of layer diets with different levels of linseed oil and fish oil and their combinations on the n-3 PUFA content in eggs yolk.
MATERIALS AND METHODS
The present study was conducted at Inshas Poultry Research Station, (El-Sharkia Governorate), Animal Production Research Institute, Agriculture Research Center.
Birds and diets
One hundred and five Mandara hens, 24 weeks of age at the beginning of the experiment, were housed individually in cages for 12 weeks experimental period in three subsequent interval periods (four weeks each). Birds were randomly divided into seven treatments, with three replicates of five birds each. One treatment of layers received the basal diet, which assigned as a control treatment, other layers of different treatments were given diets containing different levels of fish oil, linseed oil and their combination as shown in Table 1 .
Fish oil was added up to 2% only because supplemented layers diet with more than 2% fish oil had a negative effect on egg weight (Gonzalez-Esquerra and Leeson 2000) . Feed and water were provided ad libitum during the entire trial. Layers were fed isonitrogenous (16% CP) and is caloric (2700 Kcal ME/Kg) diets. The ingredients composition and calculated analysis of the experimental diets are shown in Table 2 . The calculated values of the diets were within the required ranges as listed by Egyptian ministerial decree No. 1498 for local strains feed requirements. 
Production parameters and analysis
Eggs were recorded and weighed daily; feed consumption was recorded weekly. The productive traits were calculated as a number of eggs/hen/period for each replicate during the three interval periods (from 24-36 wks of age). Egg production percent, egg weight mean were calculated. Egg mass was calculated by multiplying egg number by egg weight average. Feed conversion was calculated as kg feed consumption divided by Kg egg mass (kg feed\kg egg).
Egg quality analysis
Egg quality was measured at the end of the experiment, in which 12 eggs were randomly chosen from each treatment (3 eggs from each replicate). Eggs were individually broken, shape index, yolk index values were measured according to Sauter et al. (1951) in addition to shell, yolk, albumen percentages were calculated according to ( Paganelli et al. 1974) . Egg shape index of the egg was measured using the Vernier calipers then calculating egg-shape index as follow:
Longitudinal axis
Albumen and yolk height were measured with tripod micrometer (in mm). The albumen and yolk indices were then calculated as follows:
Albumen width
Yolk width
Haugh Units was measured according to Williams (1997) .
Haugh Units= 100x log (H-1.7 W0.37 +7.57). Where: H= the height of thick albumen. W= the egg weight.
Chemical analysis
At the end of the experiment, three eggs from each treatment were broken for yolk samples. Lipids were extract from yolk according to Folch et al. (1957) , while fatty acid composition in yolk extract was determined according to (AOAC, 2000) . Egg yolk total cholesterol and total lipids were determined by method of Allain, (1974) and Lee et al. (1996) , respectively.
Statistical analysis
Statistical analyses of data followed a one-way ANOVA analysis. General Linear Model (SAS, 2004) was used for detecting the differences among treatment groups. The significant differences among means of treatments were compared by Duncan's multiple-range test (Duncan, 1955) .
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RESULTS AND DISCUSSION
Performance Parameters
Results of Table 3 showed that no significant effect was observed by feeding Mandara laying hens diets containing different levels of fish oil, linseed oil and their combination in feed intake and feed conversion at the overall mean of the experiment. This result is in an agreement with that reported by Schumann et al., 2000 and Fe´ bal et al., 2008 . On the other hand, a few researchers mentioned some increase in feed intake of birds receiving n-3 PUFA-enriched diets (Lopez-Ferrer et al., 2001; Talebali and Farzinpour, 2005) . Feeding linseed as a source of n-3 PUFA was reported to increase the feed intake in the laying hens (Ansari et al., 2006) . Adding fish oil and linseed oil or their combinations as a n-3 PUFA source to layers had no significant effect in egg number among the various treatment groups. In this respect, Goncuglu and Ergun (2004) stated that adding linseed oil at a level of 1, 2, 3 or 4% of the diet had no effect on the laying performance of hens and egg production was similar in laying hens received no linseed oil. Similarly (Carrillo-Dominguez et al., 2005; Ebeid et al., 2008) demonstrated that Egg production in laying hens at all production stages was not affected by different dietary levels of n-3 PUFA. However In some studies, there is an increase in egg production when laying hens fed on diets rich in n-3 PUFA (Augustyn et al., 2006 Silke et al., 2008 .
No statistical significant differences were determined among egg weight and egg mass with respect to linseed oil or fish oil and linseed oil + fish oil used in the experiment as indicated in Table 4 . However, 1% linseed oil+1% fish oil diet insignificantly increased egg number, egg weight and egg mass during the studied experimental periods. These results are in an agreement with those obtained by (Schreiner et al., 2004; Carrillo-Dominguez et al., 2005) who stated that egg weight was not influenced by feeding different sources and levels of n-3 PUFA in the diet of laying hens . In addition, feeding on 4% linseed oil had no effect on egg weight of the hens (Celebi and Utlu, 2006) . Novak and Scheideler (2001) and Grobas et al. (2001) noted that egg weight and egg mass was not affected by feeding 5 or 10% linseed to the hens. Also, Silke et al. (2008) found that dietary fats (soybean oil and linseed oil) had no effect on egg weight in laying hens. Linseed oil in the diet of layers did not affect neither egg weight nor egg mass (Raes et al., 2002) . Ebeid et al., (2008) reported that dietary fish oil fortification (as a source of n-3 PUFA) had a negative effect on egg weight. However, no differences were found between control diet and diets with 1.25% and 2.5% fish oil whereas; dietary fish oil supplementation of more than 2.5% resulted in a linear reduction in egg weight. Whereas linseed oil can be added up to 4% without any adverse effect on egg weight (Celebi and Utlu, 2006) .
Egg Quality Parameters
The results concerning egg quality among the experimental groups which were fed diets containing fish, linseed oils and their combinations are presented in Table 5 . Adding fish oil, linseed oil, and their combination had no significant effect on yolk percentage. Increasing dietary n-3 PUFA content did not bring any significant change in egg yolk weight (Sosin et al. ,2006 and Augustyn et al., 2006) ). However, increasing linseed oil beyond 4% decreases egg yolk weight as reported by Scheideler and Froning (1996) , who suggested that these results were due to the effect of PUFA on the estrogen activity of the hens. . The best insignificant value of shape index, yolk index and Haugh unit was recorded by the group fed I% fish oil +1% linseed oil. Grobas et al. (2001) found no change in Haugh Unit due to feeding 4% linseed oil. In general, the measured egg quality parameters in this research were not significantly changed. Ceylan et al. (2011) demonstrated that dietary supplementation of fish oil and linseed oil did not affect egg quality and performance parameters of laying hens. Raes et al. (2002) stated that inclusion of n-3 PUFA in layers diet did not cause any significant effect on egg shell quality. Fatty acids profile of egg yolk Table 6 shows the fatty acid composition of the egg yolk of layers fed fish oil, linseed oil, and their combinations. Saturated fatty acids significantly decreased when fish and linseed oils increased as compared to the control. The highest value of Meristic and Palmitic acid was detected in the eggs of control group comparable to the other treatment groups. This finding is in an agreement with results obtained by Souza et.al, 2008 . Fish and linseed oil and their different combinations in layers diet had no significant effect (P > 0.05) on the content of oleic acid. There was insignificant decrease in linoleic acid (n-6) content. Hargis et al. (1991) and Van Elswyk et al. (1992) reported that the linoleic acid (n-6) content was reduced in eggs through diets containing menhaden oil. Linseed oil resulted in a significant decrease of arachidonic acid. In this respect, Mazzali et al. (2004) indicated that high linolenic acid level limits the synthesis of arachidonic acid from linoleic acid (LA), linolenic acid (LNA) competes with LA for the enzyme D6 desaturase for their biosynthesis. However, Milinsk et al. (2003) verified that arachidonic acid egg content is not influenced by dietary polyunsaturated fatty acid. Also, Cobos et al. (1995) did not find an increase in arachidonic acid content in the eggs of layers fed diets with linseed oil.
Diets containing fish oil, linseed oil, and their combinations resulted in a significant increase of linolenic acid (LNA), Eicosapentaenoic acid (EPA), docosahexanoic acid (DHA), n-3 polyunsaturated fatty acids and polyunsaturated fatty acid concentrations in eggs as compared to the control diet. These results are in accordance with the results of Ceylan et.al, (2011) who indicated that increasing level of fish oil and linseed oil inclusion caused more deposition of LNA and DHA (P<0.01) in egg yolk, while arachidonic acid deposition was declined (P<0.05), monounsaturated fatty acid (MUFA) deposition also was decreased with higher inclusion level of fat, whereas PUFA amount was significantly (P<0.01) increased. 3.94 de ±0.11 a, b…. Means within each row have no similar letter(s) are significantly different (P ≤ 0.05). T1: Control, T2: Fish oil (1%), T3: Fish oil (2%), T4: Linseed oil (2%), T5: Li7nseed oil (3%),T6: Fish oil (1%)+ Linseed oil (1%) and T7: Fish oil (1.5%)+ Linseed oil (1.5%). ∑SFA=total saturated fatty acid, ∑n-6PUFA=total n-6 polyunsaturated fatty acid, EPA=eicosapentaenoic acid, DHA=docosa hexanoic acid,∑n-3PUFA=total n-3 polyunsaturated fatty acid , ∑PUFA=total polyunsaturated fatty acid and ∑UFA=total unsaturated fatty acid Huang ., 1990, used fish oil in rations at levels of 0, 1, 2, and 3 % and found that EPA and DPA levels in the egg yolk significantly increased. The ration containing fish oil significantly decreased omega-6/omega-3 fatty acid ratio, whereas omega-3 fatty acid increased (Hargis et al, 1991) . The enrichment of layer diets with marine-fish oils or linseed oil, promotes the rapid incorporation of n-3 fatty acids into the egg yolk (Van Elswyk, 1997) .
The egg content of EPA was high (P<0.01) in fish oil diets whereas the LNA was high (P<0.01) in linseed diets as shown in Table 6 . When hens were fed diets containing fish oil (Marshall et al., 1994) , eggs presented high linolenic acid, EPA, and DHA levels, which in turn decreased arachidonic acid egg content (Gao and Charter, 2000) .
In brief, total saturated fatty acid SFA content significantly decreased and total n-3 polyunsaturated fatty acids content in egg were significantly greater in all treatments than the control group.
Egg yolk cholesterol and total lipids
Results in Table 7 indicate that, adding 2% fish oil, 1% fish oil + 1% linseed oil and 1.5% fish oil + 1.5% linseed oil to laying diets decreased (P<0.05) egg yolk total cholesterol and egg yolk total lipids compared to control group. The lowest values of egg yolk total cholesterol and egg yolk total lipids were recorded by 1.5% fish oil + 1.5% linseed oil compared with other treatments or control groups. These results are in agreement with the previous findings of Radwan et al. (2012) and Saleh (2013) who indicate significant (P<0.05) decrease of yolk cholesterol for birds fed diets containing 3.5% fish oil, as compared to those fed on control diet. Egg cholesterol can be decreased due to reduction of hepatic synthesis as well as increased proximal beta oxidation activity or due to the inhibition of hepatic very low density lipoproteins and density lipoproteins production. Also, Kang et al. (2001) noted that reduction in yolk cholesterol by dietary fish oil was due mainly to the inhibition of hepatic low density lipoproteins production. Ouyang et al. (2004) noted that when laying hens were fed diet supplemented with 5% fish oil, 5% palm oil and 5% soybean oil, the cholesterol level in yolk of fish oil group was lower than palm oil and control. Moreover, Vasko et al. (2005) found that when laying hens were fed three diets supplemented with flax oil and fish oil, concentrations of cholesterol in the egg yolk significantly decreased in the groups with supplementation of flax and fish oil. 
Economic efficiency
Using 1% fish oil only and 1% fish oil + 1% linseed oil in laying hens diets improved the economical efficiency compared to the control group. The lower feed cost /kg egg was observed with the group fed diet containing 1% fish oil + 1% linseed oil it was being 12.31LE, the relative economical efficiency was 99.35. Therefore, the previously mentioned dietary treatment was more economic than the other treatments as shown in Table 8 .
It was clear to note that, oils addition increased generally the price of diets because of the highly price of these oils. However, the prices of these fortified eggs with n-3 PUFA can compensate this cost, where the main objective of this research is obtaining an enriched egg with n-3 PUFA as a solution for some health problems especially cardiovascular diseases. 
CONCLUSIONS
It can be concluded that fatty acid profile of the egg and egg yolk cholesterol and total lipids can be modified using fish oil and linseed oil or their combinations which resulting in eggs with higher n-3 PUFA and lower total cholesterol and total lipids. Using the aforementioned oils did not cause any significant effect on the performance of layers or in the egg quality.
